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1» Introduction Due to tthe strong decrease of the energetic cos- 
mic ray flux Its direct detection at the top of atmosphere with 
air crafts is limited at the present time to about 10®Gev. The in- 
tensity of all primary particles ban be approximated in tths rjumge 
10 -10 uev by power functibih with power index 2*65. There are pre- 
dominantly protons (about 40 %)' and the rest is represented by se- 
veral groups of nuclei (He , C-N-0, mean and heavy nuclei). In the 
range of ID -I0 H Gev considerable disagreement, is observed between 
the estimations of the primary spectrum- that is most probably 
connected with the uncertalnity of the indirect derivation of the 
energy and the type of primary particles on the basis of ground 
parameters of extensive air showers* 

In this paper we will discuss our results for the primary spec- 
trum: in the range 10®— ID® Gev, obtained by implication of EAS data 
from mountain altitudes regi^tergd withTian Shan and Chacaltaya 
apparatuses* 

2 ? * ll Energy spectrum of primary cosmic ravs at IO-IO 8 Gev The mean 
energy of primary cosmic flux is obtained' on the basis of electron 
and muon size spectra of EAS. For that purpose we have simulated 
the development of electron and muon components in EAS initiated 
by primary particles with fixed energy and atomic number. It u*as 
assumed the sa called high multiplicity model for hadron interac- 
tions, normal mass composition of primary particles that is the same 
as tbelow 1.0 Gev* F rom the simulated showers wo have constructed the 
fluctuation Histograms of the total electron number and that of 
muons in EAS for several values of primary energy and groups of 
nuclei .The histograms are approximated by Gamma distributions the 
parameters of which are represented as functions of primary energy. 
It allows to obtain the conversion factor , U, with which we can 
convert shower size in primary energy, needed in order': to obtain 
theoretically fluctuation distributions of primary arrergiasKlhey we- 
re used to derive energy spectrum of all primary particles from the 
measured Intensities of extensive air showers with different elec- 
tron and muon size.lt is compared in fig. I with the curve that is 
an approximation of the direct registration at lower energies. Our 
spectrum deriveof^rem the measured electron size distribution of 
EAS at mountain altitide smootly links the satelite data showing 
some tendency of a bump around I0 6 Gev» The spectral index is chan- 
ging from 2.4 to 2.76. In the same figure we have compared the 
corresponding estimation for primary energy spectrum of Nagano et 
al? obtained on the basis of Akeno data. They give too low intensi- 
ties of the primaries most probably due to the relatively small 
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- Fig. 1 The all— particle energy spectrum f: dash line - approxima- 

tion of satellite and baloon date (Grlgorov et al^ © ) ; 
3ACEE collaboration 4 £ ; thick line - present calculation 

on the basis of electron size spectrum; full line - present 
calculations for muon size spectrum* dotted line - Nagano 
et al2 estimations; on the basis of Akeno data*; Khrlstianeen 
at a±' x * Efimov at al ® Q ; La Points et al* ^ . 


sire of showers detected with fixed intensity. (As m ground para- 
meter they used! the . number of electrons; in the maximum of showers* 


3» far as shower cascade ^curves are not determined around the ma- 
ximum in Akeno (920 g.cmT ) these authors have multiplied Akeno 
data by the ratio, RctW /N _ , taken from the Chacaltaya experi- 
ments at different zenith: angles?* 

Our primary spectrum derived from the muon size distribution 
disagrees with the measured spectrum at lower energies. The high- 
multiplicity model prediets higher intensities of all primary par- 
ticles; from' the converting of muon data. They do not link tb: the 
intensities of cosmic particles with lower energies. Better con- 
sistency could be obtained if we assume new phenomenological 
modal- 11 with breaked Feynman scaling, because the latter gives 
smialler values for the mean energy of primary particles initiating 
showers with a fixed size than in the case of high-multiplicity 
model. Apart of that, our complex analysis of all muon dat®^ gave 
also ground’ in favour of the new phenomenological model if we 
assume normal primary composition in the range I05-1O 8 Gev. How- 
ever, whan we applied the new phenomenological model for calctila- 



220 


OG 5.2 - 7 


tian of electron 1 component characteristics and for convert! on of 
electron shower size in primary cosmic ray spectrum we obtain 
considerable disagreement. forced us to inspect both cor model 
assumptions for interactions and mass comp os i tic of cosmic rays. 


3. Discussion In order to clear up why the new 1 phenomenological 
model predicts slower development of the electron component of EAS 
whereas its predictions are fitting the muon data from different 
experiments we have to mention first of all that in the simulation 
of electron-photon cascades we assumed the upper value (37.7 g/ 
cm" 2) of the radiation length* The latter is varying from 35 in 
different authors calculations. It is necessary to stress also that 
unlike with the case of the muon comp one nt. the electron component 
is governed predominantly by the very first pion interactions' * 
oiccurimg at very high energies (^lOS Gev). The highest accessible 
energies of the modern accelerators do not exceed 2.10 5 Gev as is 
the case of the SPS experiment in CERN with pro ton-anti pro ton colli- 
ding beams, g© fat as pion interactions are net measured at high 
energies we have adjusted their properties from the measurements 
with accelelerators at lower energies. Analysing BAS data we made 
conclusion that some increase of the total inelastic cross section 


and the total coefficient of inelasticity in pion-air nucleus colli- 
sions should provoke increase of the effective multiplicity and 
(consequently faster development of the electron component in EAS. 
Similar conclusion we derive from the examination of the hadron,, 
component of EAS;In fact there are some experimental evidence 
low energy accelerator experiments allowing to assume considerably 
pion interaction cross section and inelasticity at energies above- 
lO^Gev. However , it must be poined out that several authors 
have already shown that such corrections only partly improve the 
consistency of the calculated properties of electron and hadron 
components of EAS with experimental data. 

Tt is worth-while to note that there is without doubt un in- 
crease in the yeld of bairyon ( and anti — b ary on )' production at 
very high energies observed: already in the SPS Collider experiment. 
TTonwar^ 9 finds; in cosmic ray experiments strong evidence for such 


increase in the fraction of baryans with energy, the value reaching 
at least 15 % by 10- Gev, (The percentage of baryons in our calcola*- 
tions with high-multiplicity model had been neglected whereas 
it was assumed to be about 10 % in the new phenomenological model). 
It is certainly possible that, the observed fast development of EAS 
above 3D 5 Gev is partly due to the considerable baryon production that 
leads to shorter mean path of cosmic ray interactions in the air. 

A’t last we; can not dismiss high energy gamma rays in the pri- 
mary spectrum above 1©5 g 0V . All gamma ray saurcws detected at pre- 
sent time have energy spectre wkhb power index about 1 in comparing 
with 2*6 of other particles* Thus* the (^/proton ratio msy appro- 
aching 10—3 l© 6 Gev * In . this; = , > connection is '' the hypothe- 
sis of Wdowczyk and Wolf endale*^ that about. 30 objects as Cyg X— 3 is 
needed in the Galaxy to produce the bulk of the cosmic ray particles 
if as much energy went into particles as into gamma rays. H owewer 
in order to ifetain as much' muon as they are observed 1 in showers ini- 
tiated hv oamnre rays emitted from the specific sources (Cyg X-3 
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and Crab) we have to assume some convergence of the electro- 
magnetticr cross section of photoft production to that of the 
strong interaction piao production at too lav energies (say. 
about l05-10®Gev), 

Thus* we can conclude that the problem of determination 
of the energy and mass spectrum of primary cosmic flux Insists 
further complex investigation of both particle interactions at 
noiyti energies and the astrophysics! mechanisms of different 
paptti.cli.es acceleration* 
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